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Evidence increasingly suggests that retinal nerve fiber
layer (RNFL) analysis could improve the diagnosis of
early glaucomatous damage [1–4]. It is believed that
RNFL loss precedes measurable optic nerve head and
visual field damage, and is observed in 60% of eyes
approximately 6 years before any detectable visual
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The purpose of this study was to correlate quadrant specific Humphrey visual field mean deviation
(MD) with retinal nerve fiber layer (RNFL) thickness as measured by scanning laser polarimetry
(GDx), and to determine whether there is a difference in the correlation with visual field defect
between the Asian normative database provided by GDx (GDx database) and our native norma-
tive database (KMU database). In an age-matched study, a control group of 240 normal eyes
underwent GDx. Another 60 eyes with visual field defect due to primary angle glaucoma under-
went autoperimetry and GDx examination. First, we compared four GDx measurements between
the control and study groups. Next, we divided the visual field into four quadrants (superior,
inferior, temporal, nasal) and calculated the MD of each quadrant. We correlated the MD of supe-
rior, inferior and overall visual field with RNFL thickness judged by two databases (the GDx Asian
internal normative database and the database from our control group). GDx detected abnormal
RNFL thickness significantly more accurately when using the KMU database (p=0.0473 for superior
quadrant; p = 0.0074 for inferior quadrant; p = 0.0011 for average thickness) than when using the
GDx database. There was no significant difference in the specificity between these two databases.
The normal ranges in the GDx internal normative database for Asians are too wide. By using our
own GDx normative database, the correlations with MD of autoperimetry were significantly
improved. We suggest that every laboratory and clinic establish its own normative database of
GDx in Asia.
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field defect [4–6]. Scanning laser polarimetry (SLP)
can measure peripapillary RNFL thickness by meas-
uring the phase shift (retardation) of polarized laser
light traversing the RNFL. This phase shift is directly
proportional to RNFL thickness [7–9]. Experimental
and clinical studies have demonstrated that SLP pro-
vides quantitative and reproducible measurements of
RNFL thickness [7], which is shown to be significantly
lower in glaucomatous and ocular hypertensive eyes
than in healthy eyes [10,11]. However, in actual clinical
use, autoperimetry examinations have revealed that
many patients with significant visual field defect dis-
play normal RNFL thickness according to the inter-
nal normative database of the commercial scanning
laser polarimeter (GDx) Nerve Fiber Analyzer (Laser
Diagnostic Technologies Inc., San Diego, CA, USA)
[12]. Therefore, this study was performed to correlate
quadrant specific Humphrey visual field mean devi-
ation (MD) in primary open angle glaucoma patients
with RNFL thinning as detected by GDx using two dif-
ferent normative databases: (1) the GDx Asian internal
database and (2) our own normative database.
MATERIALS AND METHODS
Normative data collection
A total of 240 normal Taiwanese individuals (120
males, 120 females) were recruited by Kaohsiung
Medical University Hospital between January 2002
and December 2004. Each subject underwent a com-
plete ophthalmologic examination. Inclusion criteria
included: (1) best-corrected visual acuity of 20/25 or
better; (2) no history of any ocular disease except mild
cataract (≤ Grade II nuclear sclerosis); (3) no family
history of primary open angle glaucoma; (4) refractive
error within ± 5 diopters (D) sphere and/or ± 2 D cylin-
der without previous refractive surgery; (5) intraocular
pressure ≤ 21 mmHg in each eye; (6) a cup/disc (C/D)
ratio < 0.5, and < 0.2 asymmetry in C/D ratio between
both eyes.
Subjects were subdivided into six age groups of
each gender: 11–20 years, 21–30 years, 31–40 years,
41–50 years, 51–60 years and ≥ 61 years. After full
informed consent had been obtained, RNFL thick-
ness was measured with the NFA GDx version 2.0.09
scanning laser polarimeter with fixed corneal com-
pensation [13]. While undergoing scanning, the pupils
of the subjects remained undilated. All examinations
were performed by one operator. At least three meas-
urements were taken for each eye, and the mean RNFL
thickness of three good images was used for analysis.
Study group
We prospectively collected 60 eyes of 60 patients (32
males, 28 females) between January and December
2004 at Kaohsiung Medical University Hospital. The
selection criteria included: (1) patients with primary
open angle glaucoma and no history of other ocular
disease except for mild cataract (≤ Grade II nuclear
sclerosis); (2) best-corrected visual acuity of 20/50 or
better; (3) repeatable (two consecutive) abnormal visual
field defects, defined as a pattern standard deviation
and mean deviation (MD) outside the 95% normal
confidence limits; (4) no history of any ocular surgery
(except uncomplicated glaucoma surgery) before SLP
and visual field testing; (5) a time interval between
SLP and Humphrey autoperimetry test of < 1 week;
(6) high-quality SLP images as described above; (7)
medical history free of diabetes mellitus, hypertension,
cerebral vascular accident or autoimmune diseases.
Perimetry was performed on a Humphrey Field
Analyzer II 750 (Zeiss-Humphrey System, Dublin, CA,
USA) using the central 30-2 threshold program. The
patient adapted to the illuminated perimeter bowl for
3 minutes while the examiner explained the procedure
to the patient. Subjects were tested wearing their appro-
priate distance refraction correction and adequate near
refraction was placed in the lens holder throughout
the examination. Each patient’s fixation and position
were checked continuously by the technician on the
video eye monitor, with adjustments made as neces-
sary. A reliable test was defined as ≤ 20% fixation loss,
and false-negative and false-positive errors < 33% [14].
SLP data
From both the normal and study groups, after using
age- and gender-matched control, the following RNFL
parameters were collected and compared: number,
superior average, inferior average and average thick-
ness (Table 1).
Visual field data
For the purposes of comparison, the visual field was
divided into superior, inferior, temporal and nasal
quadrants (Figure 1). We calculated the MD of the
superior and inferior quadrants from the total devia-
tion plot.
Visual field and GDx correlation
Definition of significant visual field defect
To compare the sensitivity and specificity of the two
databases, we designated a quadrant MD of below 
−5 dB as a true positive visual field defect.
Definition of significant RNFL loss
We judged the result of significant RNFL loss according
to two different databases: (1) the GDx Asian internal
normative database for Asians (GDx database), and
(2) our age- and gender-adjusted Taiwanese normative
database (KMU database). The definition of sensitivity
and specificity were as follows:
• Sensitivity = number of eyes with abnormal RNFL
thickness and true positive visual field defect ÷ total
number of eyes with true positive visual field defect
• Specificity = number of eyes with normal RNFL
thickness and no true positive visual field defect ÷
total number of eyes without true positive visual
field defect
We then compared the correlation of the MD of the
quadrantic visual field and the quadrantic RNFL loss
within the two normative databases by testing their
sensitivity and specificity.
Statistical analysis
Data were analyzed using JMP software (SAS Institute,
Cary, NC, USA). The comparison of continuous vari-
ables was performed with the unpaired t test. Cate-
gorical data were analyzed with Fisher’s exact test.
The level of statistical significance used was p < 0.05.
RESULTS
Patients
The normal control group (KMU database) consisted of
240 normal eyes from 240 healthy Taiwanese individ-
uals. The RNFL thicknesses of healthy Taiwanese have
been published in another report [15]. The study group
consisted of 60 eyes from 60 patients (32 males, 28
females) with primary open angle glaucoma (Table 2).
Comparison of GDx parameters
We found that all four GDx parameters, including the
number, superior average, inferior average and aver-
age thickness, differed significantly between the normal
control group and the study group (p < 0.001) (Table 3).
Visual field and GDx correlation
If we define quadrantic MD < −5 dB in autoperimetry
examination as a significant and standard field visual
defect, the KMU database achieved better sensitivity
than the GDx database in detecting significant RNFL
Correlation between visual field defect and RNFL thinning by GDx
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Figure 1. For the purposes of comparison, the visual field was
divided into superior, inferior, temporal and nasal quadrants. We
then calculated the mean deviation of the superior and inferior
quadrants from the total deviation plot.
Table 1. GDx parameters and their definitions
GDx parameter GDx definition
The number Neural network computation based on all the values of GDx (0 = normal; 100 = advanced 
glaucoma)
Superior average Average RNFLT beneath the portion of the ellipse surrounding the optic nerve in the 
superior quadrant
Inferior average Average RNFLT beneath the portion of the ellipse surrounding the optic nerve in the 
inferior quadrant
Average thickness Average RNFLT beneath the portion of the ellipse surrounding the optic nerve 
RNFLT = retinal nerve fiber layer thickness.
loss in the superior quadrant (51.85% in KMU data-
base vs. 22.22% in GDx database; p = 0.0473), the infe-
rior quadrant (43.33% in KMU database vs. 10.0% in
GDx database; p = 0.0074), and the overall area (42.42%
in KMU database vs. 6.10% in GDx database; p=0.0011).
Specificity did not differ significantly between the two
databases (Table 4).
DISCUSSION
In the present study, the four GDx parameters, includ-
ing the number, superior average, inferior average
and average thickness, differed significantly between
normal and study subjects (p<0.05). These findings are
similar to those of previous studies [12,16,17].
If we use MD <−5dB in autoperimetry as a standard
in the study group, the sensitivity of GDx in detecting
RNFL thinning in average thickness, superior aver-
age and inferior average was significantly improved
by changing the normative database from the GDx 
to our normal control. On the other hand, although
the specificity was slightly decreased, the difference
in specificity between both databases was not statisti-
cally significant. Lauande-Pimentel et al reported that
when the GDx normative database was used, SLP pa-
rameters showed low sensitivities and high specifi-
cities for the diagnosis of glaucoma. However, their
selection of new cutoff points using a database for
Caucasians provided greater sensitivity of GDx in all
SLP parameters than did the GDx internal normative
database [12]. Their findings are consistent with our
results in Taiwanese patients.
Several studies have reported that a loss of 30–50%
of retinal ganglion cells must occur before any visual
field defects can be detected [10,18]. Exceeding this
level of ganglion cell loss, there was a progressive in-
crease in visual field defect. However, we frequently
observed patients with glaucoma or optic neuropa-
thy who had significant visual field defect but whose
RNFL thickness was still judged as “normal” when
using the GDx Asian internal normative database. The
present study has shown that the correlation between
MD in autoperimetry and the judgment of significant
RNFL loss in GDx was not significant for the superior
quadrant, inferior quadrant and overall area, according
to the GDx internal normative database. However, if
we used our control database, the correlation between
the visual field and RNFL thinning was significant 
in the superior quadrant, inferior quadrant and over-
all area. For example, in a patient with primary open
angle glaucoma and constricted visual field defect,
the superior quadrant, inferior quadrant and overall
MD was −6.38 dB, −7.86 dB and −5.12 dB respectively.
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Table 3. GDx parameters in the normal and study groups
GDx parameter Control group Study group p
The number 15.82 ± 9.05 32.8 ± 24.19 < 0.001
Superior average (μm) 87.41 ± 10.15 74.02 ± 16.71 < 0.001
Inferior average (μm) 93.12 ± 10.02 83.83 ± 20.08 < 0.001
Average thickness (μm) 78.77 ± 8.92 67.52 ± 11.00 < 0.001
Table 4. Sensitivity and specificity of GDx detection of retinal nerve fiber layer loss, using two different databases
Sensitivity Specificity
KMU database GDx database p KMU database GDx database p
Superior quadrant 51.85% (14/27) 22.22% (6/27) 0.0473* 84.85% (28/33) 93.94% (31/33) 0.4266
Inferior quadrant 43.33% (13/30) 10.0% (3/30) 0.0074* 83.33% (25/30) 96.67% (29/30) 0.7945
Overall area 42.42% (14/33) 6.10% (2/33) 0.0011* 85.19% (23/27) 100% (27/27) 0.1110
*p < 0.05. Visual field defect of MD < −5 dB indicates true positive visual field defect.
Table 2. Demographic data of the control and study
groups
Control Study 
group group
Eyes (n) 240 60
Male/Female (n) 120/120 32/28
Mean age (yr) 40.1 ± 17.3 55.0 ± 14.1
Spherical equivalent (D) –0.6 ± 2.2 –1.6 ± 2.2
The corresponding RNFL thicknesses were 68 μm,
58 μm and 53 μm respectively, according to GDx mea-
surement. The RNFL thickness in these three areas
was judged to be abnormal according to our control
database. However, they were within normal limits
according to the internal normative database of GDx
(Figure 2).
GDx detection of anatomic RNFL loss is presumed
to be more sensitive than autoperimetric detection of
the functional defect. However, disagreement exists
on this issue. Hoh et al reported that the RNFL thin-
ning detected with GDx displayed a weaker corre-
lation with visual field mean defect [19]. An earlier
study that evaluated RNFL photographs and GDx in
glaucoma showed only modest associations between
these two examinations [20]. These prior findings are
consistent with our results if we use the GDx internal
normative database to correlate the visual field defects.
Recently, a new version of SLP with variable cor-
neal compensation (VCC) became available, enhanc-
ing the ability to discriminate between normal and
glaucomatous eyes. It is possible that the correlation
between perimetry and RNFL thickness is stronger
with GDx-VCC as the new version eliminates the vari-
ability induced by differences in anterior segment bire-
fringence [21]. However, we believe that the results
continue to be highly dependent on the severity of
visual field loss. In addition to GDx, optical coherence
tomography is also designed to measure peripapillary
RNFL thickness. Both GDx and optical coherence to-
mography may be equally helpful in the diagnosis of
glaucoma [22].
Correlation between visual field defect and RNFL thinning by GDx
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Figure 2. An example of good correlation between Humphrey visual field and GDx using our control database. A patient with primary
open angle glaucoma and constricted visual field defect displayed a superior quadrant, inferior quadrant and overall MD of −6.38 dB,
−7.86 dB and −5.12 dB, respectively. The corresponding RNFL thicknesses were 68mm, 58mm and 53mm, respectively, according to
GDx measurement. The RNFL thicknesses in these three areas were judged to be abnormal according to our control database but were
within normal limits according to the GDx internal normative database.
In conclusion, the normal range of the GDx internal
normative database is not always suitable for coun-
tries in Asia. We suggest that every laboratory establish
its own normative database of GDx. Further studies
of nerve fiber layer analysis are required to determine
the best cutoff points within our normative database
for using GDx to assess patients with glaucoma and
other optic neuropathies.
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